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 14    THE INTERNAL COMBUSTION ENGINE [chap, n
16. Efficiency.—The ratio of the energy got out from a
machine to the energy put into it is called the efficiency of the
machine. Thus
Efficiency =
energy given out
energy supplied*
A gas engine usually gives out at the crank-shaft about four-
fifths of the energy given to the piston; its efficiency is there-
fore said to be 0-80 or 80 per cent. This is called the mechanical
efficiency, to distinguish it from the thermal efficiency, which
is the ratio of the energy given to the piston to the energy
contained in the fuel used and rarely exceeds 40 per cent, in
any engine.
17.	Unit of Power.—When a machine is capable of doing
33,000 ft.-lb. of work every minute (or 550 ft.-lb. every second),
it is said to be of one horse-power, or 1 H.P.
As the work done in a minute by 1 H.P. is 33,000 ft.-lb.
so the work done in an hour is 60 X 33,000 ft.-lb., or 1,980,00,
ft.-lb., which is therefore the equivalent of 1 H.P.-hour.   Ano-
ther unit of power, derived from electrical practice, is the
kilowatt (or kW.)     It is larger than the horse-power and
1 H.P. = 0-746 kW.
18.	Mechanical Equivalent of Heat.—It was at one time
thought that when a heat engine did work it did it by passing
the heat without loss through the given temperature range,
just as the work done by a waterfall depends upon passing a
certain amount of water through a certain range of "head."
It is now well known that the quantity of heat supplied to an
engine is greater than that which comes away from it, and that
the missing part is the amount of heat that has been converted
into mechanical work.   Joule was the first to realize that heat
could be converted into work and to measure the number of
foot-pounds into which one heat unit could be converted.
This he did by churning water with paddles so as to produce
internal friction in the water.   He measured the work done
and the rise in temperature of the water;  by this means the
mechanical equivalent of 1 B.Th.U. was determined.   Many
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